Introduction
The ability to harness, capture, and effectively consume energy has been a big topic of interest in the past few decades. Increasing global population and energy demand is driving the need for new and innovative ways to generate, store, and transmit energy from a variety of sources. Unfortunately, many of these energy sources are based on fossil fuels that release harmful greenhouse gas emissions into the atmosphere when burned. According to the Intergovernmental Panel on Climate Change (IPCC), electricity and heat production accounted for 25% of the total global greenhouse gas emissions in 2010 (See Figure 1) .
1 With increasing policies and agreements to reduce greenhouse gas emissions in the future, we cannot rely on these fossil fuel sources alone to generate electricity and heat.
Renewable and sustainable energy generation includes things like solar, wind, hydro, geothermal and biomass. One of the key advantages of these is they offer a promising low-carbon energy source for the future. But these types of energy generation have been around for a long time and still only made up about 13% of U.S. energy generation in 2015, while fossil fuel sources such as coal and natural gas made up about 66% (See 2 2).
2 About 6% is hydropower and about another 5% is wind, which means all of the other renewable sources, including solar, are encompassed in the remaining2%. This is a very small portion of our energy supply that we need to increase greatly in the next few decades in order to ensure sustainable and reliable power in the future as well as
FIG. 1: Global Greenhouse Gas Emissions by Economic
Sector, 2010. meet clean and renewable energy targets that have been set. Currently, President Obama has set a national goal for the U.S. to generate 20% of electricity from renewable sources by 2030 (excluding large hydroelectric).
3 This goes alongside the Clean Power Plan which will help reduce carbon pollution from the power sector by 30% from 2005 levels. 4 The U.S. has also joined the COP21 commitments from Paris to reduce greenhouse gas emissions by 26-28% below the 2005 level in 2025.
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Although U.S. renewable energy supply has been increasing over the past decade and is projected to keep increasing over the next decade, the growth has been relatively slow up to this point (See Figure 3) . From Figure  3 we can see that wind power has been slowly increasing over the past decade, while solar has only started to grow in the past 5 years. Other renewable sources do not show notable growth up to this point, although the projections do seem to indicate that renewables will increase greatly by 2040. Hydropower does exclude pumped storage in this chart. The reason it is excluded is because it basically acts more like a battery instead of generating new electricity, but this area has seen increased interest and growth as well.
So why have these energy sources not been more widely integrated into the current electricity system? The answer is not that simple. There are a lot of challenges associated with integrating renewable and sustainable energy into the current electric grid system including efficiency, reliability and cost of the energy conversion, capability to forecast energy production, safe con- nection to the electric grid and/or capability to manage micro grids, efficient energy storage and transport with low environmental impact, development of advanced control and monitoring algorithms, networking of the sources/consumers, and availability of good tools for simulations and experiments. 6 With all of these challenges to address, where do you start? This paper will review the current U.S. energy system to see how renewable energy sources are being integrated into the grid. First, the opportunities for renewable energy in the electricity market will be examined. This is important because nothing gets major financial investment unless there is a place for it in a market and it is economically viable. Next, the major challenges that renewable energy face when it comes to integrating with the electricity grid will be reviewed. These challenges include, but are not limited to, energy storage techniques for intermittent/unreliable renewable energy sources 7 , power controls (smart grid technologies) 8 , and efficient transmission to densely populated areas. 9 Finally, some of the applications of renewable energy being paired with energy storage that are being used on the grid today will be presented.
Although there are many types of renewable and sustainable energy sources, this paper will generally discuss wind, solar, and hydropower. The lowest cost, nonhydropower renewable energy resource at present is onshore wind. Solar energy is the largest and most homogenously distributed renewable resource. And hydropower itself is the single largest source of renewable energy in the country. 10 These are the main reasons we will be focusing on these renewable sources.
With the current electricity grid and lack of storage, harnessing the most efficient power out of these renewable energy sources is very difficult. Integrating these renewable sources with conventional energy sources and energy storage systems can improve the reliability of the electrical power system, especially in difficult environmental conditions, and also reduce the limitations of renewable sources by solving some of the key challenges like variability and uncertainty.
11 Throughout this paper I will try to highlight these numerous benefits and show that with new technologies and techniques, the grid of future can be greatly improved with the integration of renewable energy sources.
Opportunities For Renewables in The Energy Market
As previously stated, it is very important that major investments like renewable and sustainable energy projects have a place in the market and can be economically viable. Otherwise, few people would be willing to invest in these projects. The economic attractiveness along with increased incentives for renewable energy will be some of the major driving forces behind continued growth in this area. Coupling renewable energy sources with energy storage systems is an essential component to gain the maximum economic value from these systems and it can also provide multiple benefits to the grid including load leveling, ancillary services, and capacity.
7,12,13
The economic opportunities within the electricity market, other than simply generating electricity, can be broken down into two main categories: Energy (load shifting/arbitrage) and Ancillary Services. From a consumers point of view, arbitrage is basically the idea of generating/buying and storing electricity when it is cheap (generally during nighttime hours), and using it later during peak demand hours (generally during daytime hours). This way the consumer avoids the time-of-use pricing associated with buying electricity and save money by using stored energy during peak demand hours. This differs slightly from the point of view of a utility generator who would just sell the renewable electricity back to the grid during peak demand.
Ancillary services can be thought of as everything but the raw energy and include things like frequency regulation, voltage control and load following. These kinds of services are important to the electricity grid because they offer greater stability and reliability by providing operating and spinning reserves and correcting energy imbalances.
14 Figure 4 shows historical values of energy storage in different U.S. restructured markets along with assumptions associated with the storage. 12 The annual values for storage for the purpose of arbitrage are anywhere from $25-$240 per kW. While the annual values for storage for the purpose of ancillary services (regulation reserves, contingency reserves) are anywhere from $38-$429 per kW. These high values for storage are very promising when combined with renewable energy because the fuel is free and the operating costs are low. For instance the installed cost of large solar and wind generating facilities has dropped to around and even below $2 per watt ($2000 per kW). 15 If you combine this system with storage and receive around $250 per kW annually for arbitrage and ancillary services, the payback periods can be dramatically reduced and the system can become more profitable. Table I shows a table that summarizes the assumed operating costs for power generation units providing frequency regulation.
12 From the table it is easy to see that renewable energy and storage systems can provide these services while operating at a much lower cost, mainly because the fuel is free. Coal, Combined Cycle, and Gas/Oil Steam all have operating costs 2-5 times that of renewable sources like hydro power and pumped hydro storage systems. It is ultimately these opportunities and advantages of renewable energy and storage that will encourage the growth of this industry in the coming years. Low operating costs, market incentives, renewable fuel sources, and decreasing capital costs each will help expand the role of renewable energy generation in the future.
Challenges of Integrating Renewable Energy
Renewable energy sources are expected to take a much larger role in the future of U.S. energy generation, but there are many challenges that need to be overcome for this to happen. With a developing electric grid and the inclusion of things like power electronics and distributed energy sources, the grid of the future will probably look much different than the one we know today. With all of these new technologies and techniques, many of the problems associated with renewable energy can be solved.
One of the biggest challenges associated with renewable energy sources is their availability and intermittency.
7 These two ideas are similar but slightly different. Intermittency basically means it could be really windy or sunny one minute, and calm and cloudy the next -the resource is variable in nature. Availability refers to the fact that the sun could not come out all day or the wind could be calm all day, the resource is not guaranteed to be there when it is needed. Both of these issues can be addressed by the use of energy storage systems to store the energy when the resource is available, and use the energy when you need it. Figure 5 shows a table of storage technologies and the different applications they can be used for within the electric grid.
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Even a charged battery system that can provide power for about 20 minutes can help with wind smoothing and cloudiness with PV. Even more value can be added with storage technologies that can hold energy for 8 hours or more because then you can use them for reserves and to take advantage of the daily load cycle via arbitrage.
Another major challenge that renewable energy sources face is simply their location. An unfortunate truth about renewable energy in the U.S. is that areas with high renewable generation potential are just not physically close to where the majority of the population lives. This creates another issue of efficient electricity transmission to densely populated areas. Because the generation sources are so far away from our most populated geographic areas (In general the East and West coasts), there would be excessive losses in transmission using traditional AC solutions. Bureau.
a lot of water resources and thus does not have a lot of population. The dam potential is mostly centered around the middle of the U.S. near major rivers. This is slightly closer to more populated areas, but is still not close to our most densely populated areas. Figure 8 shows U.S. wind power potential according to study from NREL. Right away you can see that the greatest and most viable area for wind power is directly in the middle of the country throughout the Midwest. If you compare this to the population density map, it is almost a complete opposite. All of the wind power potential is just not close to major population areas.
The most promising solution to the issue of efficient electricity transmission is High Voltage Direct Current (HVDC) technology. This technology can provide long distance bulk power transmission with many economic advantages. HVDC lines have a better ability to control power flow, decrease transmission line losses and increase the capability to maintain voltage stability. 16 There is currently a lot of research going into using this technology to better integrate renewable energy sources into the electricity grid.
The last major challenge to be mentioned is the development of power electronics and controls to manage these hybrid energy systems that will be comprised of many 17 But renewable energy systems cannot directly replace the existing electric grid technologies as they are too well established and new technologies are not adequately developed to meet total demand. 6 This means we will have to slowly integrate renewable energy sources into the existing grid and change the system over time. With the integration of more and more renewable sources, the greater the need for new strategies for the operation and management of the electricity grid in order to maintain power reliability and quality.
8 This includes things like managing power flows and maintaining continuous communication and information flow.
Applications of Renewable Energy and Storage
There are many renewable energy sources being paired with energy storage systems on the grid today. These applications include pumped hydroelectric systems, concentrated solar power, flywheels, and wind or solar combined with batteries.
Pumped hydroelectric storage facilities store energy in the form of potential energy by pumping water from a low basin into an upper basin at a higher elevation (See Figure 9) . 18 During periods of high demand, power can be generated by releasing the stored water in the upper reservoir and running it through conventional hydroelectric turbines. The upper basin is then recharged, usually during nights and weekends, using low-cost electricity. The amount of electricity that can be stored in these systems is directly related to the size of the upper reservoir. Figure 10 shows the Seneca hydroelectric pumped storage generating station. It is located at the Kinzua Dam on the Allegheny River in Pennsylvania. 19 The upper reservoir can be seen in the upper left of the picture and the river and dam on the right. In the U.S., there are 38 pumped hydroelectric facilities like this one, but they can only store just over 2% of the countrys electric generation. 18 This is concerning because pumped storage generation makes up the vast majority of storage capacity in the U.S. and still only covers such a small amount of the countrys electricity generation. Increasing the number of renewable energy storage systems like these will be key in maintaining reliable power in the future.
Concentrated Solar Power (CSP) is another promising application of renewable energy and storage being used on the grid today. CSP works by using mirrors to reflect and concentrate sunlight to use as thermal energy. The thermal energy generated can be stored and used to produce electricity when it is needed. Today, over 1,800 megawatts of CSP plants are operating in the U.S.
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There are many different types of solar collection designs and materials used to store the thermal energy, but the general systems are pretty much the same. Most of these systems use the thermal energy to power conventional steam turbines to produce electricity. Figure 11 shows an example of a concentrating solar power plant.
21 This particular plant is in a tower arrangement with mirrors surrounding it in a circle. All of the mirrors are carefully adjusted to point at the top of the tower where the energy is collected and stored as thermal energy. When demand is high, the thermal energy can be used to produce electricity.
One more application that is being used around the world to harness renewable energy with storage is the use of batteries with solar photovoltaics. This sounds like a predicable solution, but it actually tends to be very expensive to produce large banks of batteries so these installations are relatively small. Figure 12 shows a diagram of a pilot being run by Synergy at Alkimos Beach in Australia. 22 The basic idea of the pilot is to show how solar PV along with battery storage can be used to effectively manage a micro grid. Solar PV systems were installed on all of the residential homes in the area and connected to local batteries as well as to a 1 MWh communal battery storage system. The communal battery system is also tied into the cogeneration plant that can also send excess energy from wind and solar to charge the system. The main goal of the pilot is to relieve pressure on the grid during peak demand hours and ultimately save the residents in the area hundreds of dollars a year in power bills.
All of these example applications are a good start to increasing the penetration of renewable energy into the electricity grid. Although renewables do have a lot of value on their own to generate electricity and help cover peak demand, an energy storage system is an important component of all of these systems and needs to be coupled with renewable energy in order to increase its effectiveness and earning capability.
FIG. 12: Solar PV with Batteries

Conclusion
It is clear that there is a strong need to integrate more renewable energy sources into the grid of the future. These kind of energy sources, when coupled with energy storage, can greatly benefit the grid by offering a variety of ancillary services and daily peak load reductions. Storage technologies will vary according to different renewable energy sources and a greater variety of sources will lead to more grid stability in a hybrid system.
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Also, cost minimization models have been proposed that can use actual power and price data from six different power generation sources within a micro grid to minimize the total cost of buying power. 24 All of these things rely on building new and more energy storage systems for renewable energy sources to allow them to be integrated with the grid in many different ways. According to market research firm IHS, the energy storage market is set to greatly increase to an annual installation size of 6 gigawatts (GW) in 2017 and over 40 GW by 2022 from an initial base of only 0.34 GW installed in 2012 and 2013.
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Renewable energy sources still face a very hard road to full integration with the grid. But it is also worth noting that renewable energy may play a much bigger role in decentralized or distributed power systems (micro grids) than in the gigantic centralized power system we have today.
6,26
With the increasing opportunities for the application of renewable energy sources for the purpose of arbitrage (i.e. storing cheap energy at night to use during peak day hours), and ancillary services, these projects more economically viable. With increasing government policies toward greenhouse gas emission reductions as well as increased economic viability when coupled with storage, renewable energy sources and storage technologies will undoubtedly increase greatly in the next decade. Figuring out how this Grid of the Future is going to look and function is a global challenge that every country will have to deal with in their own way. This continues to be a major topic of future research with many interesting challenges including integrating in developed vs developing countries that face greatly different challenges when it comes to energy and power systems.
